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Single-Cell Voltage Measurements with a Set of Nanoprobes
Gordon A. Thomas, Stephanie Maruca, Camelia Prodan,
Reginald C. Farrow, Alokik Kanwal.
Physics, NJIT, Newark, NJ, USA.
Noninvasive single cell electricalmeasurements using carbon nanotubes as elec-
trodes are reported here. The device consists of four nanotubes deposited in the
corner of a 2micron square. Using flow, single cells are places on top of the elec-
trodes. Twoof the probes are used to apply voltage pulses to the cell and the other
two are used to measure the response as a function of time. As a control, mea-
surements of water, cell medium, cells and biomolecules have been made
with metallic plates, defined by 60nm holes in a 75nm insulating film. For proof
of principle, yeast cells suspended in HEPES are measured. The results show
that the nanotubes allow a contact with the ionic environment 100 times better
than the metallic plates. The nanotubes also show a different response when
the cell is nearby or touching a cell. Since the nanotubes are 1.2 nm in diameter,
comparable in size withmembrane proteins, we plan to use the nanotube array to
perform some of the functions of patch clamps but with less perturbation to the
cells due to the small dimension of carbon nanotubes.
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A Comprehensive Live Cell Screening Approach for Developing Improved
Microbial Rhodopsin-Based Voltage Biosensors
Yongxin Zhao1, Daniel Hochbaum2, D. Jed Harrison1, Adam E. Cohen2,
Robert E. Campbell1.
1University of Alberta, Edmonton, AB, Canada, 2Harvard University,
Boston, MA, USA.
Fluorescence imaging of neuron activity would be greatly facilitated by the avail-
ability of brightly fluorescent genetically encoded voltage indicators with large
and fast responses to membrane potential changes. The Cohen group has recently
described a new class of genetically encoded voltage indicators based on the mi-
crobial rhodopsin protein archaerhodopsin-3 (Arch) with excellent properties.
However, this class of voltage indicators suffers from poor quantum efficiency
that limits the range of potential applications. To address this shortcoming, we
developed a strategy for directed evolution for brighter Arch-based voltage indi-
cators. Briefly, a random genetic library of Arch is fused to the N-terminus of the
fluorescent proteinmOrange2 and is expressed in E. coli. Hundreds of colonies on
a Petri dish are ratiometrically imaged (i.e., the ratio ofArch tomOrange2fluores-
cence) using a custom imaging system. The colonies with the highest ratio are
picked and cultured in liquid media. The fluorescence of the overnight cultures
is then recorded with a microplate reader. The brightest Arch variants are ex-
pressed in Hela cells and their voltage sensitivities are evaluated in a fluorescent
microscope by electric field stimulation. The brightest functional variants are then
used as the library template for the next round of directed evolution. Several iter-
ative rounds of this screening procedure combined with further screening of site-
directedmutagenesis libraries resulted in identification of our current best voltage-
sensitive Arch (vArch) variant, vArch1.0. vArch1.0 is voltage sensitive, fast and
several-fold brighter than wild-type Arch in mammalian cells. Unlike Arch,
vArch1.0 doesn’t generate photo-induced current that perturbs membrane poten-
tial of cells during imaging. vArch1.0 is capable of resolving electrically triggered
action potentials in neurons in single trials with optical signal-to-noise ratio>30
and is a promising tool for optical interrogation of complex neural circuit.
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Biosensing Properties of Au Loaded Mesoporous Silica Nanospheres
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Re´mi Veneziano1, Gaelle Derrien2, Sisareuth Tan3, Alain Brisson3,
Jean-Marie Devoisselle1, Joel Chopineau1,4, Clarence Charney2.
1Institut Charles Gerhardt UMR 5253 (ICGM), Equipe MACS, Montpellier,
France, 2Institut Charles Gerhardt UMR 5253 (ICGM), Equipe AIME,
Montpellier, France, 3Chimie et Biologie des membranes et des Nanoobjets,
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We have developed a simple synthetic route to achieve the synthesis of gold
loaded radial mesoporous silica nanoparticles (Au-MsNPs). These nanoparticles
were synthesized in a one step procedure fully compatible with basic conditions
required for the preparation of monodispersed nanospheres. These Au-MsNPs
were characterized by transmission and scanning electron microscopy, Energy
Dispersive X-ray analysis and N2 adsorption. Metallic Au-nanoparticles
embedded in pore channels were responsible for plasmonic activity. Au-
MsNPs were then coated with phospholipid bilayers in order to design a bio-
functional device with plasmonic properties for biosensing. The supported lipid
bilayerswere obtained after incubation ofAu-MsNPsparticleswith different lipid
vesicles. The coating efficiency was investigated by zeta potential, agarose gel
electrophoresis and cryo-transmission electron microscopy. Different model sys-tems havebeen investigated: direct adsorption of bovine serumalbuminormolec-
ular recognition events between a biotin receptor (integrated in the supported lipid
bilayer) and avidin. Overall the results demonstrate the plasmonic sensitivity of
the bare or the coated lipid bilayer Au-MsNPs (Veneziano et al. 2012).
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Nanoparticle-Membrane Interactions Studied with Lipid Bilayer Arrays
Bin Lu, Tyler Smith, Ruibin Li, Tian Xia, Andre Nel, Jacob Schmidt.
UCLA, Los Angeles, CA, USA.
Nanoparticles (NPs) have been explored for use in biomedical applications
including gene and drug delivery, and recent studies have indicated that they
are also cytotoxic and have significant interaction with lipid bilayer membranes.
An understanding of the interactions between NPs and the cell membrane sys-
tems will help aid the design of NPs for beneficial applications and evaluate
the cytotoxicity of environmental NPs. To study these interactions, wemeasured
amine- and carboxyl-modified polystyrene NPs in arrays of 24-32 artificial lipid
bilayers. The throughput possible with simultaneous electrical measurement of
the bilayer arrays enabled study of NP/bilayer interactions while varying lipid
composition, ionic strength, pH, voltage, and particle type. Our studies showed
that amine-modified NPs interacted with bilayers whereas carboxyl-modified
NPs did not. The interaction of the amine-modified NPs could be altered by
changing the charge density on the bilayers, the ionic strength and pH.
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Liquid-Crystal-Based Biosensor without Alignment Substrate
Piotr Popov, Elizabeth K. Mann, Antal Jakli.
Kent State University, Kent, OH, USA.
Liquid-crystal-basedbiosensors, based on a design byN.L.Abbott [1,2], are draw-
ing increasing attention because of their dramatic optical response to minute
changes at their surface, due, for example, to absorption of biomolecules [see
figure.] In this work we simplify and improve the precision and reproducibility
of such a biosensor. First, we show that the sensor may be used without separately
prepared aligning substrate, which makes measurements more reproducible. Sec-
ond, analyze the birefringence of the sensing liquid crystal with a spectrophotom-
eter, which makes measurements more precise. Third, we observe the optical
response andmeasure spectral output fromevery individual cell to account for dis-
tribution of liquid crystal thickness in the TEM grid, which makes measurement
and analysis more consistent.
We further study the
response of the sensor both
on an aqueous solution/air
surface and immersed in the
solution. These improve-
ments will lead to building
less expensive, simpler in
operation, and more reliable
liquid-crystal-based biosensors.
[1] J.M. Brake, M.K. Daschner, Y.-Y. Luk, and N.L. Abbott, Science (New
York, N.Y.) 302, 2094 (2003).
[2] W. Iglesias, N.L. Abbott, E.K. Mann, and A. Ja´kli, ACS Applied Materials
& Interfaces 4, 6884 (2012).
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Radio-Frequency Tank Circuit for DNA Sequencing
Paul V. Gwozdz1, Abhishek Bhat2, Robert Blick1, Arjun Seshadri2,
Eric Stava2.
1Institut fuer Angewandte Physik, Hamburg, Germany, 2University of
Wisconsin-Madison, Madison, WI, USA.
DNA sequencing by now is a ubiquitous technique in biology and medicine.
Nanopore sequencers turn out to be a promising approach for high-speed
sequencing of long DNA-strands while cutting costs by many orders of
magnitude.
Wepresent a resonantRLC-circuit operatingat radio frequency (Bhat, SoftNano-
scienceLetters (2013)). DNA is driven through a nanoporewhich causes a shift in
the resonance of the circuit. The nanopore is embedded within a resonant CPW
structure, a so-called tank circuit that enables themeasurement of extremely small
capacitance changes caused by the transition of the macromolecule through the
pore. In contrast to existing nanopore-sequencing technologies, such a design
does not rely on amolecular motor to slow down the translocatingDNA. Further-
more, the presentedmethod is not limited by the length or a specific design of the
pore, allowing a plethora of pore modifications and designs to be used.
Finite element simulation techniques provide an insight into the behavior of
different tank-circuit geometries. We present several studies on how the circuit
geometry can be modified to increase the sensitivity. Additionally, different
concepts for amplification of the atto-Farad signal levels are discussed (Ram-
achandran et al., Applied Physics Letter 99 (2011)), a degree of sensitivity
416a Monday, February 17, 2014sufficient for resolving the different DNA bases and paving the way for DNA
sequencing in the MHz regime.
2099-Pos Board B829
Electrochemcial Detection of Acetylcholine using Enzyme Functionalized
Nanoparticles
Jacqueline D. Keighron, Michael E. Kurczy, Joakim Wigstro¨m,
Ann-Sofie Cans.
Department of Chemical and Biological Engineering, Chalmers University of
Technology, 41296 Gothenburg, Sweden.
Acetylcholine is a highly important non-electroactive neurotransmitter in the
mammalian central nervous system. Its function is linked to memory and sleep,
and it regulates, in part, mood and action via its connection to dopamine. A fast,
sensitive method to detect the release of acetylcholine at the surface of a single
cell is needed to gather data about the kinetics of exocytosis events in these
systems.
To this end, carbon fiber electrodes have been modified with electrodeposited
gold nanoparticles to increase the effective electrode surface area and provide a
high curvature surface for enzyme attachment. Acetylcholinesterase and
choline oxidase were then deposited onto the gold surfaces to catalyze acetyl-
choline to hydrogen peroxide for electrochemical detection. The functionalized
electrodes have been characterized to determine the KM and Vmax of the en-
zymes as well as the total enzyme coverage and gold nanoparticle surface
area in order to optimize retained enzyme activity. This optimized design has
proven capable of detecting release events from an artificial exocytotic system
on a sub-second time scale.
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A Single-Step Digital Nucleic Acid Amplification Platform by Digital
Plasma Separation on a Chip
Erh-Chia Yeh1, Chi-Cheng Fu Yeh1, Lucy Hu1, Meng-Yao Huang2,
Luke P. Lee1.
1Bioengineering, UC Berkeley, Berkeley, CA, USA, 2Electophysics,
National Chiao Tung University, Hsinchu, Taiwan.
Quantitative nucleic acid detection is the future for precision molecular medi-
cine. However, multiple sample preparation steps and thermal heat cycles of
PCR are necessary for nucleic acid (NA) analysis. We developed a single-
step isothermal digital NA amplification microfluidic platform by a technique
termed digital plasma separation. We invented an innovative biophysical mi-
crocliff design that allows the removal of blood cells based on inertia; it can
skim plasma into 224 wells (100nl/well) in one-step (>99% separation effi-
ciency for 6mm particles). By separating the blood cells that obstruct optical
detection, the microcliff design enabled quantitative DNA detection via an
isothermal DNA amplification technique called Recombinase Polymerase
Amplification (RPA) in 30 minutes directly from human blood samples. We
were able to perform endpoint quantitative digital RPA with a dynamic range
of 10~1000 copies/ml via automatic compartmentalization of the samples. The
precise control of fluid flow on chip is accomplished by passive degas-driven
flow actuation, which does not require external tubing or pumps, thus making
the chip portable. A large amount of sample (~100ml of blood samples) can be
processed. We envision this single-step digital blood plasma separation plat-
form will benefit low cost quantitative molecular diagnostics in both developed
and developing countries.
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Single Molecule Detection of Insulin Autoantibodies in Type 1 Diabetes
Juliane Beyer1, Ralf Paul2, Ezio Bonifacio2, Stefan Diez1,3.
1B CUBE - Center for Molecular Bioengineering, TU Dresden, Dresden,
Germany, 2CRTD - Center for Regenerative Therapies Dresden, Dresden,
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Type 1 diabetes (T1D) is characterized as a chronic autoimmune disease caused
by a selective inflammatory destruction of the insulin producing beta cells in
the pancreatic islets of Langerhans. Closely associated to T1D are insulin au-
toantibodies (IAAs), representing early markers of the disease. Therefore, their
reliable detection is needed i) to predict the onset of T1D, ii) to implement suc-
cessful regenerative therapies and iii) to prevent loss of the beta cell mass. For
this purpose, we developed a novel optical assay for the detection of IAAs using
single molecule detection. Our quantitative approach specifically detects IAAs
in the low pM range using quantum dots and total internal reflection micro-
scopy (TIRF). This method overcomes the limitations associated with current
clinical diagnostic approaches where IAAs are detected using radiolabelled an-
tigens in a time-consuming, hazardous and expensive manner. Thus, we believe
that in the future our assay could be used as a point of care measurement for
T1D, readily usable in the health care sector combining the prognostic and
diagnostic measurements of autoantibodies in T1D.2102-Pos Board B832
Nanomaterials-Enhanced Electrochemical Biosensor for Detection of
Cancer Biomarkers
Bing Jin, Hongju Mao.
Shanghai Institute of Microsystem and Information Technology, Chinese
Academy of Science, Shanghai, China.
Electrochemical detection strategies employing nanotechnologies which
include a variety of new materials and fabrication processes offer new oppor-
tunities for highly sensitive detection of cancer biomarkers. This work reports
an electrochemical biosensor based on a graphene (GR) platform, combined
with magnetic beads (MBs) and enzyme-labeled antibody-gold nanoparticle
bioconjugates. MBs coated with capture antibodies (Ab1) were attached to iso-
lated GR sheets by an external magnetic field, to avoid reducing the conductiv-
ity of graphene. Sensitivity was also enhanced by modifying the gold
nanoparticles (AuNPs) with horseradish peroxidase (HRP) and the detection
antibody (Ab2), to form the conjugate Ab2-AuNPs-HRP. Electron transport be-
tween the electrode and analyte target was accelerated by the multi-
nanomaterial, and the limit of detection (LOD) for carcinoembryonic antigen
(CEA) reached 5ng/mL, which meets clinical requirements. The multi-
nanomaterial electrode GR/MBs-Ab1/Antigen/Ab2-AuNPs-HRP can be
used to detect biomolecules
such as CEA. The EC
biosensor is sensitive and
specific, and has potential
in the detection of disease
markers.
Keywords: electrochemical,
graphene,magnetic beads,
gold nanoparticles, horse-
radish peroxidase.
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Electrical Pumping of Potassium Ions Against an External Concentration
Gradient in a Biological Ion Channel
Maria Queralt-Martin1, Elena Garcı´a-Gime´nez1, Vicente M. Aguilella1,
Patricio Ramirez2, Salvador Mafe3, Antonio Alcaraz1.
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We show experimentally and theoretically that significant currents can be ob-
tained with a biological ion channel, the OmpF porin of Escherichia coli, using
zero-average potentials as driving forces. The channel rectifying properties can
be used to pump potassium ions against an external concentration gradient un-
der asymmetric pH conditions. The results are discussed in terms of the ionic
selectivity and rectification ratio of the channel. The physical concepts
involved may be applied to separation processes with synthetic nanopores
and to bioelectrical phenomena.
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RapidDetectionof ProteinAggregation and InhibitionbyDual Functions of
Gold Nanoplasmonic Particles: Catalytic Activator and Optical Reporter
Inhee Choi, Elizabeth Lee, Minsun Song, Luke P. Lee.
UC Berkeley, Berkeley, CA, USA.
Neurodegenerative diseases share common molecular mechanisms in disease
pathogenesis: protein misfolding and abnormal aggregation. Current detection
methods of protein aggregations require time-consuming and labor-intensive
steps, which delay the process of drug discovery and understanding the mech-
anism of protein aggregation. Here, we present a rapid detection method for
studying protein aggregation and inhibition under a variety of perturbation con-
ditions by dual functions of gold nanoplasmonic particles (GNPs): catalytic
activator and optical reporter. As a proof-of-concept demonstration, we em-
ployed the acidic perturbation permitting rapid cooperative assemblies of
GNPs and amyloid-b (Ab) peptides (implicated in Alzheimer’s disease) via
their surface charge modulation. Because of roles of GNPs as effective nucle-
ation sites for fast-catalyzing protein aggregation and colorimetric optical re-
porters for tracking protein aggregation, we accomplished the fast
aggregation assay in less than 1 min by the naked eyes. Under the given acidic
perturbation condition, we characterized the concentration-dependent colori-
metric responses for aggregation at physiologically relevant Ab concentration
levels without any instrumentation. We also demonstrated the GNP/acidic
condition-based rapid inhibition assay of Ab aggregation by using well-
known binding reagents such as antibody and serum albumin. Consistent results
were also obtained from the tests with superoxide dismutase protein implicated
in Lou Gehrig’s disease. The proposed methodology can be a powerful
